Mechanistic investigations of the novel non-heme vanadium bromoperoxidases. Evidence for singlet oxygen production.
Three newly discovered non-heme bromoperoxidases isolated from marine algae were found to catalyze the production of singlet oxygen in reactions composed of the bromoperoxidase, hydrogen peroxide, and bromide. The bromoperoxidases studied were vanadium bromoperoxidase (V-BrPO) from Ascophyllum nodosum, native non-heme bromoperoxidase from Corallina vancouveriensis (which contains vanadium and iron), and the vanadium-reconstituted bromoperoxidase derivative from C. vancouveriensis. These enzyme systems generated near infrared emission, characteristic of singlet oxygen. The emission had a peak intensity near 1268 nm, was greatly increased in 2H2O-containing buffers, and was greatly decreased by the singlet oxygen quenchers, histidine and azide. The yield of singlet oxygen was approximately 80% of the theoretical yield. A unique feature of the non-heme bromoperoxidases distinct from the iron heme haloperoxidases, was the remarkable stability of the non-heme enzymes in the presence of singlet oxygen and oxidized bromine species. V-BrPO turned over multiple aliquots of 2 mM hydrogen peroxide without losing efficiency. In contrast, iron heme lactoperoxidase was completely inactivated after turnover of the first aliquot of 2 mM hydrogen peroxide, and iron heme chloroperoxidase was 50% deactivated. The profile of singlet oxygen formation by V-BrPO and the near stoichiometric yield of singlet oxygen suggest that the mechanism of singlet oxygen formation is the same as the mechanism of dioxygen formation determined by oxygen probe measurements.